The purpose of this investigation was to apply a validated curriculum evaluation instrument, the Science Curriculum Implementation Questionnaire (SCIQ), in an educational context in which a science curriculum review had recently been completed and, by so doing, ascertain the accuracy and potential value of the instrument as a curriculum delivery evaluative tool. The study begins by exploring the themes generated from an extensive case study attempting to identify the broad and complex factors influencing science program delivery at a large urban intermediate (Years 7 & 8) school in New Zealand. Following this, the results of the subsequent application of the SCIQ in the case study school are discussed. Responses to the SCIQ reaffirmed the themes identified in the case study and, by way of standard deviation analysis, gave a similar description of the variability in the staff perceptions pertaining to the factors influencing science program delivery. Limitations and recent practical applications of the SCIQ are also discussed.
Introduction
It is well known internationally that despite a great deal of effort and enthusiasm devoted to the cause of primary science, the science experience for many children in the first years of schooling is minimal (Garden, 1996; Goodrum, Rennie & Huckling, 2001; Harlen, 1978 Harlen, , 1988 Lewthwaite, 2000) . Although, historically, a list of commonly cited extrinsic or environmental factors (time constraints, equipment, space and facilities) is suggested to impede science program delivery at the primary level, research efforts (Appleton & Kindt, 1999; Appleton & Symington, 1996; Harlen, 1997; Lewthwaite, Stableford & Fisher, 2001 ) have also affirmed intrinsic factors such as teacher beliefs, knowledge, attitudes and competencies and less salient extrinsic aspects such as the priority placed on science as a curriculum area, as further critical agents to successful science program delivery.
Because of the many complex and interrelated factors identified as impediments to effective science program delivery, it is not surprising that some authors regard primary science education internationally to be in a parlous state (Mulholland & Wallace, 1996) . This 'hard to put a finger on it' situation arises from the fact that, as Fullan (1992) affirms, the success of curriculum implementation and improvement efforts is influenced by several system elements and that no one single factor can be targeted alone to effect change in curriculum delivery. Fullan (1993) asserts that curriculum interventions tend to leave the basic policies and practices of schools unchanged. These interventions tend to ignore the fact that changes in the core culture of teaching require major transformation in the culture of the school. Often the primary school culture is typified by ambivalence towards science education (Harlen, Holroyd & Byrne, 1995; Tilgner, 1990; Weiss, Matti & Smith, 1994) . For this reason, curriculum reviews, policy changes, and overall reformation in the arena of primary science education are largely seen as empty rhetoric. International efforts indicate that although primary science curriculum reviews and reform efforts are admirable, the outcome of the reviews is primarily limited to increased teacher awareness and not teacher change (Harlen, 1997) . Stewart and Prebble (1985) suggest that effective curriculum implementation and improvement come from a systematic, sustained effort at changing learning conditions in the classroom and other internal conditions within the school. Understanding the context in which change is to occur is at the heart of school development (Stewart & Prebble, 1993 ). This understanding is established through the gathering of high-quality information that provides insight into the forces at work within the school. In turn, this information becomes the foundation from which discussion, reflection and deliberate focused change can begin (Stewart & Prebble, 1993) . Because of the role this foundational data can have in informing strategic school development, the diagnosis or systematic assessment of the school environment is seen as an essential means by which the forces that are at work in a school impeding or contributing to curriculum implementation can be identified. Stewart and Prebble (1993) describe a variety of strategies for systematic data gathering, one of which is the use of validated standard instruments. The study and systematic analyses of learning environments and educational climates using standard instruments is a well-developed area of educational research (Fraser, 1994; Fraser & Tobin, 1998) . The systematic analysis is conducted through the use of measurement instruments that are able to assess the participants' perceptions of the various attributes of the educational environment. For schools not wishing to invest the considerable amount of time and energy needed to complete more formalized and extensive school reviews, the use of standard instruments is seen as a time efficient, accurate but somewhat superficial means of understanding the forces at work within the educational context (Fullan, 1992; Stewart & Prebble, 1993) . When the data collected from the instrument application are coupled with narrative, they provide a foundation for increasing collective knowledge and understanding of organisational procedures and problems (Stewart & Prebble, 1985) . As stated by Owens (1995) , the employment of the good diagnostic tool becomes the starting point for the articulation of a reasonable prognosis.
The Science Curriculum Implementation Questionnaire
Although there is a rich diversity of valid, economical and widely applicable assessment instruments utilized in learning environment research (Fraser, 1998) , the use of validated instruments in the evaluation of the effectiveness of curriculum implementation efforts and the ascertaining of factors contributing to or impeding curriculum delivery is largely an underdeveloped area of research ).
The Science Curriculum Implementation Questionnaire (SCIQ) is an example of a validated curriculum delivery evaluation instrument that elicits teacher perceptions of factors commonly identified as dimensions influencing science program delivery at the school and classroom level (Appendix) ). The SCIQ is intended to be of use to schools where the teaching of science is a required component of each teacher's professional teaching duties. The SCIQ has been developed by identifying the broad and interrelated factors influencing science program delivery through (1) a questionnaire survey of 122 teachers addressing teacher perceptions of factors influencing science program delivery in the Central Districts of New Zealand (Lewthwaite, 2000a) ; (2) a questionnaire survey and follow-up interviews with 155 pre-service teachers at a New Zealand College of Education (Lewthwaite, 2000b) ; (3) a review of the literature on factors influencing curriculum, in particular science, delivery; and, finally, (4) a case study (to be referred to in this study) addressing science program delivery at a large Intermediate School in New Zealand (Lewthwaite, Stableford & Fisher, 2001) . Through the use of focus groups (Knight & Meyer, 1996) , common groupings of factors influencing science program delivery were identified. Using these factors as response items, a seven-scale, 70-item instrument was developed and trialed amongst 293 Year 1 to 8 teachers in 43 schools in the Central Districts of New Zealand. Using statistical procedures involving ANOVA , principal component factor analysis, alpha reliability and discriminant validity, the instrument was validated and further refined to a seven-scale, 49-item instrument. The procedures used in the development and statistical validation of the SCIQ are outlined in a further manuscript . Details of the statistical validation process are outlined in Table 1 below. Four of the seven, seven-item scales of the SCIQ pertain to the school environment.
These extrinsic scales include Professional Support, Time, School Ethos and Resource
Adequacy. The remaining three intrinsic scales pertain to teacher personal attributes.
These include Professional Attitude and Interest, Professional Adequacy and, finally, Professional Science Knowledge. Alpha reliability of the scales ranged from 0.77 to 0.92 indicating strong internal consistency within each scale (Table 1) . Although elimination of some items would have increased scale internal consistency, these items were retained to ensure that the scales addressed several aspects of the same dimension. Further scales could potentially have been created in the development of the instrument to accommodate these aspects but for economy of use, a seven scale SCIQ was retained. As an example, the Professional Science Knowledge scale measures teacher perceptions of multiple dimensions of the complex knowledge base teachers require to teach effectively e.g. subject matter, pedagogical content and pedagogical knowledge (Baker, 1994) . In the development and validation of the SCIQ, the pedagogical content knowledge item (Item 15) could have been omitted to increase the internal consistency of the scale but was retained because of the importance of this professional science knowledge dimension in promoting effective science delivery at the classroom level. Interscale correlations indicated strong overlap amongst the personal attribute scales. Although potentially statistically related, they are, individually, of such importance in influencing science program delivery (Lewthwaite, Stableford & Fisher, 2001 ) that it is beneficial to retain them as separate categories in the questionnaire. A description of each of these scales is provided in Table 2 below. Teachers have enough time to develop their own understanding of the science they are required to teach.
School Ethos
Overall school beliefs towards science as a curriculum area. Status of science as acknowledged by staff, school administration and community.
The school administration recognises the importance of science as a subject in the overall school curriculum.
Professional Support
Teacher perceptions of the support available for teachers from both in school and external sources.
Teachers at this school have the opportunity to receive ongoing science curriculum professional support.
Professional Adequacy
Teacher perceptions of their own ability and competence to teach science.
Teachers at this school are confident science teachers.
Professional Science Knowledge
Teacher perceptions of the knowledge and understandings teachers possess towards science as a curriculum area.
Teachers have a sound understanding of alternative ways of teaching scientific ideas to foster student learning.
Professional Attitude and Interest
Teacher perceptions of the attitudes and interest held towards science and the teaching of science.
Science is a subject at this school that teachers want to teach.
The response scale on the SCIQ is a five-point scale ranging from Strongly Disagree (1) to Strongly Agree (5). Standard deviations for each scale and, if required, each item, can be calculated to identify the degree of consistency in perceptions amongst teaching staff.
Methodology
The purpose of this investigation was to apply the Science Curriculum Implementation Questionnaire (SCIQ) in an educational context in which a more extensive science curriculum review had recently been completed and, by so doing, ascertain the accuracy and potential value of the instrument as an evaluation tool in increasing collective knowledge and understanding of organisational procedures and problems (Stewart & Prebble, 1985) . Since the application exercise assesses how well the questionnaire measures the breadth and depth of factors influencing a content area i.e. science curriculum delivery in a school where all teachers teach science as part of their professional duties, the application is regarded an assessment of the questionnaire's content validity (Gay, 1996) . The general themes identified by the science program delivery case study (Lewthwaite, Stableford & Fisher, 2001 ) included:
1. Intermediate School was considered to have a tradition of emphasising science as an essential area in the school curriculum.
2. The influence of key people at Intermediate School in the past was considered to be an integral part of establishing science as a key curriculum focus in the school program.
3. This status was perceived, by some of those interviewed, especially Senior Teachers, to persist.
4. Some teachers suggest this 'science culture' was not being sustained.
5. Even though some perceived that the status of science as a curriculum area, at least to some extent, was waning, a variety of factors are seen to be contributing to the perpetuation of an expectation to see science maintained as a key area in the overall school curriculum.
6. Teachers identified that the availability of science curriculum support was a major factor influencing science program delivery positively.
7. Teachers at Intermediate School were able to identify that time availability (time to become familiar with new materials, time to gather science resources, time to teach science, time to learn the science required to be taught) was a major factor impeding effective science program delivery.
8. Teachers identified that their lack of professional science knowledge was somewhat of a factor reducing the overall effectiveness of science curriculum implementation at Intermediate School.
9. Teachers identified concerns about their knowledge of (1) the curriculum, (2) strategies for promoting student learning and, more commonly, (3) science subject matter specific to the curriculum requirements. Although this knowledge concern was expressed, it was not seen as a critical impediment to the effectiveness of their science teaching.
10. Teachers identified the adequacy of resources as factors influencing science program delivery positively. Some teachers expressed concern over the availability and management of science teaching resources.
11. The level of teacher professional interest in science was considered to be a major factor either promoting or inhibiting science at the classroom level. Although some teachers perceived their interest and attitude towards the teaching of science and science as a curriculum area as a positive contributor to their teaching of science, others expressed that their attitudes negatively impacted on their role as a teacher of science.
12. Teachers identified their professional adequacy as a factor influencing their science program delivery at the classroom level. Most teachers had mildly positive, neutral or negative perceptions of their own capabilities as teachers of science.
The case study was followed by an application of the SCIQ at Intermediate School.
Because the intent of the application exercise was to ascertain the accuracy of the SCIQ in identifying the themes emanating from the case study, only those 21 teachers involved in the interviews, who all teach science as part of their professional teaching duties, were included in the application exercise. For this reason, these teachers only were requested to complete the SCIQ. The mean scores and standard deviations for each scale from the completed questionnaires were determined. As well, the case study had identified several aspects or dimensions of the same factor as influences to science delivery. As an example, teachers identified time as a factor influencing science delivery and also identified time as being a multidimensional factor i.e. time to prepare and time to teach.
In order to ascertain if these multidimensional aspects were identified by the SCIQ, individual item mean scores and standard deviations were calculated for only those items of the SCIQ in which selected aspects within scales were to be analysed. As an example, if the two dimensions of the time scale, time to prepare for the teaching of science and time to deliver science within the classroom program, were to be compared, mean scores for the items pertaining to these dimensions were calculated and compared.
Intermediate School Profile
The information in Table 3 presents the results from the SCIQ application at Intermediate School. Table 2 indicates that the data collected from the SCIQ application confirmed that teachers perceived that Intermediate School was a well-resourced school for science program delivery ( X =4.51). Standard deviation results (0.20) affirmed that there is a consistent perception that the school was adequately resourced for teaching the requirements of the national science curriculum. This consistent perception was also evident in the data collected from the questionnaire survey and the interviews (Lewthwaite, Stableford & Fisher, 2001 ). The case study had identified there was some concern in the area of the availability of resources because of the demands on equipment and facilities because of overlap in classes completing similar topics. By examining the trends in responses associated with Item 10 that pertains to management of school-based resources (Appendix) in the SCIQ application exercise ( X =3.68), this concern was also evident. The SCIQ, although able to identify the overall trend in perceived resource adequacy, was only able to identify the concern pertaining to management and availability of resources inherent within this scale by examining responses to an individual scale item.
Time
The SCIQ results in Table 2 further confirmed that time availability was perceived to be a factor impeding science program delivery at Intermediate School ( X =1.12). Time was consistently identified as a major factor inhibiting science program delivery in the case study questionnaire and follow-up interviews as well (Lewthwaite, Stableford & Fisher, 2001) . The SCIQ results re-emphasised the consistent degree to which time availability was perceived to be a factor influencing science curriculum implementation 
School Ethos
Table 2 further indicates that the SCIQ results suggested that teachers perceived that science had a relatively high status as a curriculum area at Intermediate School ( X =4.13). The case study identified that teachers agreed that science had a high status.
Some teachers, especially Senior Teachers, perceived this status was waning. As well, some new teachers to the school did not perceive that science had a prominent status as a curriculum area, a perception commonly held by Senior Teachers. Thus, all teachers did not hold the same perceptions of the status of science as a learning area within the overall school curriculum. The standard deviation result (0.74) suggested that although the overall perception of the status of science was very high, there was a range of perceptions of the overall staff beliefs towards the status of science as a curriculum area. Again, the SCIQ mean and standard deviation results for the School Ethos scale affirm the trends identified in the case study.
Professional Support
The SCIQ results indicated that teachers identify the support availability from both in-school and external sources as being very good (Table 2 : X = 4.12). This perception was consistent with the results of the case study analysis (Lewthwaite, Stableford & Fisher, 2001) . Despite this positive perception, there was staff variability in this perception (SD= 0.50). All teachers recognised the in-school support they received as very good but differed in their perceptions of the availability of external professional development support. Examining items 7 and 28 indicated that teachers perceived the availability of external professional support as more of an area of concern for science program delivery (Item mean score of 3.56 and 3.76 respectively). The SCIQ, although able to identify the overall trend in perceived teacher support availability, was only able to differentiate between the two aspects of professional support inherent within this scale by examining responses to individual items.
Professional Adequacy
The SCIQ results in Table 2 suggested that perceptions of teachers' professional adequacy ( X =3.05) were neither strong nor weak. The case study had identified that most teachers held mildly positive, neutral or mildly negative perceptions of their own capabilities as teachers of science. Standard deviation results (0.31) suggested that teachers were consistent in their perceptions that teachers collectively do not have either a strong or weak perception of their own science teaching professional adequacy. The SCIQ mean and standard deviation results for the Professional Adequacy scale again affirm the trends identified in the case study.
Professional Science Knowledge
The SCIQ results in Table 2 further suggested that perceptions of teachers' professional science knowledge ( X =3.11) were also neither strong nor weak. In the case study, teachers identified professional science knowledge as a factor influencing their science program delivery. The standard deviation (0.24) suggested that teachers were quite consistent in their perceptions that teachers collectively do not have either a strong or weak perception of their own professional science knowledge. Items 22, 29, and 36, and Items 8 and 15 that pertain to pedagogical content and subject matter knowledge respectively affirmed the case study results that these were both areas of mild concern for teachers within the Professional Science Knowledge scale. No item within this scale addresses the curricular knowledge aspect identified as a concern by teachers.
Professional Attitude and Interest
Teachers viewed their personal interest and motivation in science as a curriculum area as being slightly more positive ( X =3.51) than their professional science knowledge and adequacy. The case study had identified personal interest and motivation as a major factor influencing science program delivery either positively or negatively. The standard deviation result (0.76) indicated that amongst the teachers involved in the application exercise, there was a wide range of perceptions of the degree to which teacher attitudes and interests towards science and the teaching of science influenced science program delivery at Intermediate School. Although the mean perception of staff interest and attitude was mildly positive, the standard deviation suggested that this view was not consistent throughout the staff. This trend was again consistent with the case study analysis. Again, the SCIQ mean and standard deviation results affirm the trends identified in the case study.
Accuracy of the SCIQ as an Instrument for Science Program Delivery Evaluation
The application exercise reaffirmed that time and, to a lesser degree, professional attributes such as professional science knowledge, interest and motivation, are factors commonly perceived to be impeding effective science curriculum delivery at Intermediate School. The SCIQ results, as well, affirm that resource adequacy, school ethos and professional support were seen as factors that tend to foster science program delivery at Intermediate School. The SCIQ data not only reaffirm the same themes identified in the case study they also, by way of the standard deviation analysis, gave a clear description of the range of staff perceptions pertaining to the factors under analysis.
Although the SCIQ quantified these perceptions, it did not differentiate amongst the multidimensional aspects of some of these factors contained within the scales. Thus, although the case study identified teachers concern with multidimensional aspects of time (e.g., time to become familiar with new materials, time to gather science resources, time to teach science, time to learn the science required to be taught), the SCIQ does not differentiate amongst these dimensions unless mean scores for individual items are examined. Although the mean score and standard deviations for each of the items in each scale could be calculated, the usual quantification procedure, which involves mean and standard deviation analysis for each scale and not each item, did not reveal this information. Consequently, the information the SCIQ provides, although accurate, is somewhat superficial in its quality. Thus, in assessing the content validity of the SCIQ, this application exercise indicates that although the seven scales of the SCIQ are representative of the breadth of factors influencing science program delivery at Intermediate School, it is only through the analysis of some of the individual items contained within the SCIQ scales that specific aspects of the factors influencing science program delivery at the school are identified.
Implications of This Study
As suggested by Prebble and Stewart (1985) , the gathering of high-quality information is a critical component of the school development process. These authors describe high-quality data as that which allows the school, through discussion and reflection, to reach an informed awareness about organisational procedures and problems.
By increasing its collective knowledge and understanding about organisational procedures and problems, the school is in a position to collaboratively embark on focused change. The data collected provides the school with information by which it can learn about itself and address change where necessary.
In the light of these comments, it is evident that the data collected from the SCIQ gave an accurate but somewhat superficial description of the factors perceived to be influencing science program delivery at Intermediate School. Current applications of the SCIQ in both New Zealand and Canada are encouraging its usefulness as a manageable and accurate evaluation tool for identifying intrinsic and extrinsic factors influencing science program delivery (Edmonds & Lewthwaite, 2002; Payne & Lewthwaite, 2002) .
In these applications, the data collected from the SCIQ have been used as a foundation for staff discussion and collaborative decision-making in the area of science curriculum delivery. When the data collected from the instrument application have been coupled with narrative through facilitated staff discussion, they have provided a foundation for increasing collective knowledge and understanding of organisational procedures and problems (Stewart & Prebble, 1985) . As Stewart and Prebble (1983) assert, this reflective stage based on discussing the meaning and accuracy of the data has been critical to the science delivery development process as it has promoted collective decision-making about potential solutions and intervention strategies for focused remediation efforts.
Summary
This application exercise gives indication that the Science Curriculum Implementation Questionnaire is a valuable addition to the collection of learning environment instruments. The SCIQ is believed to be the first validated questionnaire that addresses factors influencing curriculum implementation in elementary science. It not only serves as a foundation for understanding the factors influencing science program delivery at the classroom and school level, but also the development of further instruments relating to the delivery of other curriculum areas. As Prebble and Stewart (1985) suggest, the use of validated data-collection instruments as a foundation for school review is an accurate means by which an analysis of the school can be conducted. The data collected from the SCIQ application exercise would confirm this assertion. For this reason, the use of validated data gathering tools such as the Science Curriculum Implementation Questionnaire to provide a foundation for school discussion, reflection and strategic educational, in particular, science curriculum improvement at the elementary school level, is encouraged.
